Unhealthy lifestyle habits are a major contributor to coronary artery disease. The purpose of the present study was to investigate the associations of smoking, weight maintenance, physical activity, and diet with coronary calcium, cardiovascular events, and mortality. US participants who were 44-84 years of age (n = 6,229) were followed in the Multi-Ethnic Study of Atherosclerosis from 2000 to 2010. A lifestyle score ranging from 0 to 4 was created using diet, exercise, body mass index, and smoking status. Coronary calcium was measured at baseline and a mean of 3.1 (standard deviation, 1.3) years later to assess calcium progression. Participants who experienced coronary events or died were followed for a median of 7.6 (standard deviation, 1.5) years. Participants with lifestyle scores of 1, 2, 3, and 4 were found to have mean adjusted annual calcium progressions that were 3.5 (95% confidence interval (CI): 0.0, 7.0), 4.2 (95% CI: 0.6, 7.9), 6.8 (95% CI: 2.0, 11.5), and 11.1 (95% CI: 2.2, 20.1) points per year slower, respectively, relative to the reference group (P = 0.003). Unadjusted hazard ratios for death by lifestyle score were as follows: for a score of 1, the hazard ratio was 0.79 (95% CI: 0.61, 1.03); for a score of 2, the hazard ratio was 0.61 (95% CI: 0.46, 0.81); for a score of 3, the hazard ratio was 0.49 (95% CI: 0.32, 0.75); and for a score of 4, the hazard ratio was 0.19 (95% CI: 0.05, 0.75) (P < 0.001 by log-rank test). In conclusion, a combination of regular exercise, healthy diet, smoking avoidance, and weight maintenance was associated with lower coronary calcium incidence, slower calcium progression, and lower all-cause mortality over 7.6 years.
Coronary heart disease (CHD) remains the leading cause of death worldwide (1) . There has been much attention paid to the role of lifestyle modification in CHD risk reduction. As part of their 2020 Impact Goals, the American Heart Association (AHA) developed a model of ideal cardiovascular health that included avoiding smoking, maintaining a body mass index (BMI, measured as weight (kg)/height (m) 2 ) less than 25, being physically active, and adhering to a healthy diet (2) . A recent study from the National Health and Nutrition Examination Survey (NHANES) showed an inverse correlation between the AHA's ideal cardiovascular health parameters and all-cause mortality rates (3) . Another study of over 80,000 women showed that individuals who did not smoke, maintained a BMI of less than 25, exercised for 30 minutes/day, and consumed a Mediterranean-style diet had a 92% lower risk of sudden cardiac death (4) .
To build a causal argument in epidemiologic studies, it is critical to show that these behaviors are associated with intermediate measures of disease, as well as with hard endpoints. The purpose of the present study was to investigate the associations of healthy diet, regular exercise, smoking avoidance, and normal weight maintenance with coronary artery calcium (CAC) incidence, CAC progression, CHD events, and all-cause mortality in a single longitudinal evaluation.
MATERIALS AND METHODS
The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective study of the risk factors for and prevalence and progression of cardiovascular disease. The MESA design methods have been published previously (5) . Briefly, 6,814 participants who were 44-84 years of age and self-identified as white, African American, Hispanic, or Chinese were recruited at 6 academic centers (Columbia University, New York, New York; Johns Hopkins University, Baltimore, Maryland; Northwestern University, Chicago, Illinois; University of California-Los Angeles, Los Angeles, California; University of Minnesota, Minneapolis, Minnesota; and Wake Forest University, Winston-Salem, North Carolina) from 2000 to 2002. All participants were free from clinical cardiovascular disease at the time of enrollment. The study protocol was approved by the institutional review board at each site. All participants gave informed consent before enrollment. Anthropometric measurements, lifestyle behaviors, medical history, and laboratory data were all assessed, as described previously (5) .
Coronary artery calcium
CAC was measured using electron beam or multidetector computed tomography. All participants were scanned twice consecutively at baseline, and scans were read by an expert physician-reader at Harbor-UCLA Medical Center, California. Results from each participant's 2 scans were averaged to provide a more accurate point estimate of his or her Agatston calcium score. More information on the methodology of CAC measurement and interpretation is available in the Web Appendix (available at http://aje.oxfordjournals.org/) and prior reports (6, 7) .
To quantify CAC progression, we randomly selected 2,954 participants to have a follow-up computed tomography examination between September 2002 and February 2004. There were 2,805 women selected between March 2004 and October 2005 and 1,406 selected between October 2005 and February 2008. The mean time between the baseline scan and the last follow-up scan was 3.1 (standard deviation (SD), 1.3) years.
CHD events
CHD events consisted of nonfatal myocardial infarction, resuscitated cardiac arrest, angina, coronary revascularization, and death due to CHD. Event criteria are available in the Web Appendix and online (http://www.mesa-nhlbi.org). Participants were contacted at intervals of 9-12 months, and information was collected about interim hospitalizations, outpatient CHD diagnoses, and deaths. Death certificates and medical records were requested. Next-of-kin interviews were conducted for participants with out-of-hospital cardiovascular deaths. Medical records were obtained for 98% of participants with hospitalized CHD events and 95% of participants with outpatient cardiovascular diagnoses. Followup telephone interviews were completed for 92% of living participants. The last follow-up was in June of 2011.
Lifestyle score
We selected 4 lifestyle-related variables for the scoring system: diet, BMI, smoking status, and physical activity level. For each variable, a binary score was defined (Mediterraneanstyle diet vs. unhealthy diet, optimal BMI vs. suboptimal BMI, never smoker vs. ever smoker, and regular physical activity vs. sedentary lifestyle), with a score of 1 awarded for each healthy behavior.
Dietary health was categorized based on a previously published scale quantifying adherence to a Mediterranean diet (8) . The scale has been associated with mortality in over 20,000 adults and is easily reproducible. Per this method, participants were awarded points for consuming more healthy foods (vegetables, legumes, fruits, nuts, cereal/grains, and fish) and fewer detrimental foods (full-fat dairy, meat, poultry, and saturated fat) than the median intake and for having an optimal alcohol intake. This amounted to a possible diet score of 11 points. Participants with a diet score above the median received 1 point toward their comprehensive lifestyle score. (For complete dietary methodology, see the Web Appendix.)
BMI was categorized as optimal (≥18.5 and ≤24.9) or suboptimal (≥25 or ≤18.4) based on current World Health Organization and National Institutes of Health guidelines (9, 10). Participants with an optimal BMI received 1 point toward their lifestyle score. Smoking status was categorized as never smoker or previous/current smoker, with 1 point awarded for never smoking.
Physical activity data were obtained from the MESA Typical Week Physical Activity Survey (11) . Participants who averaged more than 150 minutes/week of moderate-intensity physical activity or more than 75 minutes/week of vigorousintensity activity were considered active based on current AHA guidelines and were awarded 1 point (12) . The complete survey methodology is available in the Web Appendix and online (11) . The addition of points for diet, physical activity, smoking status, and BMI amounted to a comprehensive lifestyle score ranging from 0 (least healthy) to 4 (healthiest) for each participant.
Statistical analysis
The variance of baseline descriptive variables was analyzed across lifestyle scores. Given the non-normality of the data, variance was measured using the Kruskal-Wallis equalityof-populations rank test.
CAC incidence was calculated for baseline zero CAC scores, and CAC progression was calculated for baseline nonzero scores. Annual CAC progression was calculated using the following equation: (mean phantom-adjusted CAC follow-up − mean phantom-adjusted CAC baseline )/(years between scans). Participants were excluded if coronary stents, which make scans uninterpretable, were placed during follow-up. For participants with multiple follow-up scans (n = 1,118), the final scan was used for the progression analysis. The odds ratio for CAC incidence by lifestyle score was calculated using a generalized linear model with the logit link function. Annual CAC progression was calculated using median regression analysis because of the non-normality of CAC distribution. Hierarchical multivariable models were used: model 1 was unadjusted; model 2 was adjusted for age, sex, race, study site, and income; and model 3 was additionally adjusted for intermediate variables on the atherosclerosis pathway, including hypertension, use of medications to control hypertension, elevated fasting plasma glucose, use of medications for diabetes, elevated high-density lipoprotein cholesterol (HDL-C), elevated non-HDL-C, elevated triglycerides, use of lipid-lowering medications, and C-reactive protein level.
Time to CHD event or all-cause death was plotted using Kaplan-Meier statistics. Cox proportional hazards models were used to calculate the hazard ratio for suffering a CHD event or death based on lifestyle score in separate analyses. Models 1-3 were performed as above. An additional model (model 4) was then included to adjust for baseline CAC and determine whether lifestyle score added predicted value to baseline atherosclerosis. Hazard ratios and 95% confidence intervals were plotted by lifestyle score for each model. All statistical analyses were performed using STATA, version 12 (StataCorp LP, College Station, Texas). This data analysis plan was peer reviewed and approved by the MESA Publications and Presentations committee. A complete copy of the a priori statistical analysis plan is available at www. mesa-nhlbi.org.
RESULTS

Descriptive data
Of 6,814 total MESA participants, 585 were excluded because of missing lifestyle variable data. The final study population included 6,229 participants; their characteristics are shown in Tables 1 and 2. The median and mean diet scores were both 5 out of 11 points (interquartile range (IQR), 4-7). Of the participants included in our analyses, 2,311 (37%) were taking medications for hypertension, 1,013 (16%) were taking lipid-lowering medications, 594 (10%) were taking medications for diabetes, and 878 (14%) were taking more than 1 medication.
Only 129 (2%) participants satisfied all 4 healthy lifestyle criteria. Age, race, sex, BMI, physical activity, diet, packyears of cigarette smoking, fasting plasma glucose level, blood pressure, non-HDL-C level, HDL-C level, and triglyceride level all showed significant variance across lifestyle scores (Tables 1 and 2 ). Over the follow-up period, 208 participants developed angina, 142 suffered a myocardial infarction, 20 experienced resuscitated cardiac arrest, 150 underwent percutaneous coronary intervention, 94 underwent coronary artery bypass grafting, and 41 died from CHD. Several participants suffered more than 1 CHD event; 305 unique participants suffered CHD events. A total of 374 participants died from any cause over the course of the study. Of the 374 deaths, 41 were due to CHD, 15 were due to stroke, 1 was due to noncardiac atherosclerosis, 19 were due to other cardiac causes, 294 were due to noncardiac causes, and 4 were due to unknown causes. The median time to last follow-up or death was 7.6 (SD, 1.5) years.
Coronary artery calcium
All participants underwent baseline computed tomography scans for CAC scoring. A few participants (182) did not have follow-up scans and were excluded from CAC analysis, leaving 6,047 participants. Approximately 41% of all follow-up scans were at the second examination (median, 1.6 (SD, 0.3) years later), 39% were at the third examination (median, 3.1 (SD, 0.3) years later), and 19% were at the fourth examination (median, 4.8 (SD, 0.5) years later). The mean time between baseline and the last scan was 3.1 (SD, 1.3) years. Participants with scores of 3 and 4 had a greater prevalence of no baseline CAC than did those with a score of 0 (P < 0.001) (Web Figure 1) .
Over the follow-up period, 100 of 446 participants with a lifestyle score of 0 developed new CAC compared with 240 of 1,057 with a score of one, 167 of 911 with a score of two, 46 of 346 with a score of three, and 9 of 58 with a score of four. The odds ratios for incident CAC in model 2 (adjusted for years between scans, age, race, sex, study site, and income) were 0.96 (95% confidence interval (CI): 0.73, 1.27) for a score of one, 0.72 (95% CI: 0.54, 0.97) for a score of two, 0.47 (95% CI: 0.31, 0.71) for a score of three, and 0.54 (95% CI: 0.25, 1.16) for a score of four. The P value was 0.001 for the lifestyle score trend in both models 1 and 2. Because only a small number of participants satisfied all lifestyle criteria and had a score of 4 (n = 129), those with lifestyle scores of 3 and 4 were combined in subgroup analyses. The adjusted odds ratio for the combined scores in model 2 was 0.48 (95% CI: 0.33, 0.71), with P value less than 0.001 for the lifestyle score ( Figure 1A) . Adjustment for additional variables in model 3 resulted in no change in overall conclusions (P = 0.003).
The median annual CAC progressions for participants with scores of 0-4 were as follows: 25 points/year (IQR, 7-73), 20 points/year (IQR, 6-58), 18 points/year (IQR, 6-53), 18 points/year (IQR, 6-54), and 14 points/year (IQR, 5-53), respectively. After adjustment for variables in model 2, participants with lifestyle scores of 1, 2, 3, and 4 had mean adjusted annual progressions of CAC that were slower by 3.5 points/year (95% CI: 0.0, 7.0), 4.2 points/year (95% CI: 0.6, 7.9), 6.8 points/year (95% CI: 2.0, 11.5), and 11.1 points/year (95% CI: 2.2, 20.1), respectively, relative to the reference group. The P value for the lifestyle score trend was 0.01 in model 1 and 0.003 in model 2. When lifestyle scores 3 and 4 were combined in model 2, the adjusted annual progression of CAC was 6.7 points/year (95% CI: 2.3, 11.1) slower than that of the reference group (P = 0.002) ( Figure 1B) . Adjustment for additional risk markers that may be on the causal pathway between lifestyle and atherosclerosis in model 3 resulted in a loss of significance (P = 0.20).
Coronary heart disease
We used Kaplan-Meier hazard plots to display the unadjusted hazard function for time to CHD event by lifestyle 
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Am J Epidemiol. 2013;178(1):12-21 score over 7.6 years (Figure 2A ). The P value for the hazard function plot was 0.03 by log-rank test and 0.02 when scores of 3 and 4 were combined. Among participants with a score of 0, there were 56 CHD events (17% of total personyears); among those with a score of 1, there were 137 events (38% of total person-years); among those with a score of 2, there were 84 events (32% of total person-years); and among those with a score of 3 or 4, there were 28 events (13% of total person-years). In Cox models, the unadjusted hazard ratios for suffering a CHD event over 7.6 years for participants with scores of 1-4 were 1.11 (95% CI: 0.82, 1.52), 0.82 (95% CI: 0.58, 1.14), 0.61 (95% CI: 0.38, 1.00), and 0.72 (95% CI: 0.29, 1.80), respectively, compared with the reference group. The unadjusted hazard ratio for scores of 3 and 4 combined was 0.63 (95% CI: 0.40, 0.99) ( Figure 2B) . The absolute risk of having a CHD event in the reference group was 5.4%, compared with 3.5% in participants with a score of 3 or 4 (1.9% absolute risk reduction). The Cox models were repeated in a hierarchical fashion, as described in the methodology. After adjustment for inter-mediary variables in model 3 and also baseline CAC in model 4, there was a progressive increase in the P value and a loss of statistical significance (Web Table 1 ). There was no significant interaction between lifestyle score and sex (P = 0.94) or lifestyle score and race (P = 0.93) in the CHD analysis.
Mortality
We used a Kaplan-Meier curve to display the unadjusted probability of survival by lifestyle score over 7.6 years ( Figure 3A) . The P value for the lifestyle score was <0.001 by log-rank test. There were 89 deaths among participants with a score of 0 (17% of total person-years), 155 deaths among those with a score of 1 (38% of total person-years), 99 deaths among those with a score of 2 (31% of total person-years), and 31 deaths among those with scores of 3 or 4 (13% of total person-years). In Cox models, participants with a score of 1 had an unadjusted hazard ratio 0.79 (95% CI: 0.61, 1.03), those with a score of 2 had a hazard ratio of 0.61 (95% CI: 0.46, 0.81), those with a score of 3 had a hazard ratio of 0.49 (95% CI: 0.32, 0.75), and those with a score of 4 had a hazard ratio of 0.19 (95% CI: 0.05, 0.75) for the risk of dying over 7.6 years compared with the reference group (P < 0.001 for the lifestyle score). When scores of 3 and 4 were combined, the unadjusted hazard ratio was 0.45 (95% CI: 0.30, 0.67; P < 0.001) ( Figure 3B ). The absolute risk of death in the reference group was 8.8%, compared with 3.9% in participants with score 3 or 4 (4.9% absolute risk reduction).
The model was repeated in a hierarchical fashion as we did for CHD. Adjustment for intermediary variables in model 3 and also baseline CAC in model 4 did not significantly change the hazard ratios, and the P values remained <0.001 in all models (Web Table 2 ). There was no significant interaction between lifestyle score and sex (P = 0.75) or lifestyle score and race (P = 0.86) in the mortality analysis.
The hazard ratio of CHD and death was calculated for each lifestyle variable in Web Tables 3 and 4 . Smoking was the lifestyle variable found to be associated with the greatest reduction in the risk of CHD and death in most models. Accordingly, Kaplan-Meier survival estimates were plotted for smokers and nonsmokers across various lifestyle scores (Figure 4 ). Survival estimates showed that smokers had lower survival rates than did nonsmokers, even if they adopted multiple healthy lifestyle variables.
DISCUSSION
In the present study, we found that regular exercise, adherence to a Mediterranean-style diet, smoking avoidance, and normal weight maintenance were associated with lower CAC incidence, slower CAC progression, a trend toward lower CHD risk, and significantly lower all-cause mortality over 7.6 years. Participants who adopted all 4 of these behaviors had an approximately 80% lower death rate than did participants with no healthy behaviors. The lifestyle score predicted mortality despite adjustment for CAC and other intermediary variables on the atherosclerosis pathway in models 3 and 4. To our knowledge, this is the first study to connect the protective effects of healthy lifestyle across baseline subclinical vascular disease, atherosclerotic progression,clinical coronary heart disease, and death in a single longitudinal evaluation.
This study is timely given the AHA's recent efforts to reduce CHD risk through "Life's Simple Seven" (2) , which include the 4 health behaviors of avoiding smoking, maintaining a BMI less than 25, being physically active, and adhering to a healthy diet. The correlations between these behaviors and mortality in the present study bolster the AHA's recommendations, and the additional measure of subclinical atherosclerosis lends biologic credibility to the outcomes investigated.
The results of this study are consistent with those of prior studies in which researchers investigated the impact of lifestyle on CHD and death independently. At least 4 large prospective studies have shown protective effects of smoking avoidance, weight maintenance, physical activity, and diet on mortality (3, (13) (14) (15) (16) . Ford et al. (14) showed that never smoking, adhering to a healthy diet, being physically active, and consuming 4) showed a 92% risk reduction in sudden cardiac death in a prospective study of 80,000 women who adopted the lifestyle modifications above.
Interestingly, the results of the present study showed that smoking played the largest role in CHD and mortality risk reduction compared with the other lifestyle variables (Web Tables 3 and 4 ). In fact, smokers who adopted 2 or more healthy behaviors still had lower survival rates at 7.6 years than did sedentary, obese nonsmokers (Figure 4 ). This underscores the importance of smoking avoidance as one of the strongest predictors of cardiovascular health and survival and confirms prior findings that smoking avoidance prolongs life (17) (18) (19) (20) .
As for subclinical disease, much attention has been directed toward CAC, given its link to risk of CHD and death (21) (22) (23) (24) . Numerous reports have found significant associations between physical activity level and CAC (12, (25) (26) (27) (28) (29) . Several other lifestyle variables, including diet, smoking, and waist circumference, have also been associated with CAC (30, 31) . Results of the present study further confirm the associations between these behavioral risk factors and subclinical disease.
Importantly, there were more striking differences in allcause mortality than in CHD events with increasing lifestyle score in this study. Lifestyle factors likely take decades to take effect on atherosclerosis, so the more immediate effects on mortality suggest the importance of low-risk lifestyle in disease processes other than CHD alone. Indeed, Ford et al. (14) showed that low-risk behaviors in NHANES participants delayed cancer-specific mortality more than cardiovascular mortality. Also, a recent meta-analysis showed that adherence to a healthy diet reduced cancer-specific mortality by 22% (32) . Similarly, several large studies have observed an association between obesity and cancer-specific mortality (20, (33) (34) (35) . The current findings from MESA support these previous reports and stress the importance of behavioral risk factors in maintaining overall health.
Strengths and limitations
There are several strengths to the present study. First, the lifestyle score combines variables that are easily applied in clinical practice. Patients can understand this simple score and can be taught that establishment of the healthiest lifestyle is associated with an 80% lower rate of death over nearly 8 years. Second, all of the MESA participants were free of cardiovascular disease at enrollment, making this study applicable to the true primary prevention population. Third, MESA provides a multicenter, multi-ethnic, sex-balanced cohort, with some participants on contemporary prevention medications. This makes findings more generalizable across the clinical population.
There are a few limitations to acknowledge. First, only 129 of 6,229 participants satisfied all 4 healthy lifestyle criteria. Although this is likely a genuine representation of the US population behaviors, it may have limited the power to demonstrate differences in individual scores ( particularly with regard to a score of 4) in the CHD event analysis. Studies with sufficient power are needed to investigate whether individual statistical significance for CHD events hold true for each lifestyle score.
Second, MESA did not measure cardiorespiratory fitness. Physical activity level does not always correlate with cardiorespiratory fitness because of comorbidities or musculoskeletal injuries that may decrease activity despite relative fitness (25) . Including BMI in this score may help overcome this. Not surprisingly, participants who were both active and maintained normal BMI (score of 4) had a lower risk of death then did participants who only satisfied 1 of those criteria (Web Table 2 ). Further research that adds fitness to this score is needed to determine whether fitness plays an independent role in preventing CHD and death.
Third, the dietary score used in this study was based on communities' median dietary habits for each food group. Although MESA participants were from 6 various communities across the United States, their dietary patterns may still vary significantly from participants in other countries. Future 
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Conclusion
The present study showed that regular exercise, adherence to a Mediterranean-style diet, smoking avoidance, and maintenance of a normal weight were associated with lower CAC incidence, slower CAC progression, a trend toward lower CHD risk, and significantly lower all-cause mortality over 7.6 years. Of these behavioral variables, smoking avoidance was the one associated with the greatest reduction in the risk of CHD and death.
CAC is a potent measure of subclinical vascular disease and biologic aging. The association between the studied lifestyle variables and CAC, as well as a trend toward lower CHD risk in just 7.6 years, suggests that this impact will likely mature over time. The stronger association with mortality suggests the importance of lifestyle in noncardiac as well as cardiac disease processes. Further emphasis on education and counseling about these lifestyle modifications will be critical for improving future individual and community health.
